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Abstract 
A fundamental to understanding physical processes in laser plasma is to study plasma density profile. We applied an optical 
interferometer of Mach-Zehnder and UV nitrogen laser that was used as a source of probe light (wavelength 337 nm, energy of ~ 
150 μJ, pulse duration ~ 5 ns). Digital camera frame grabber captures individual interferometric pictures, so phase shift of fringes 
is easy photographed and analyzed in terms of plasma density. Powerful Nd-laser (wavelength 1.054 ȝm, pulse energy up to 20 J, 
pulse duration ป15 ns) was used to generate laser plasma. The pulse of probing laser passed through the laser-induced plasma 
with delay td ป5¹50 ns. The results of interferometric measurements of electron density in laser-induced plasma from copper 
target are presented. 
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1. Introduction 
Ablation of matter under the influence of high-power pulsed laser radiation is widely used for scientific and 
technological purposes: surface treatment of materials; creation of non-equilibrium plasma; deposition of the films; 
generation of high discharge ions; creation of high intensity electric fields; research on laser fusion and others 
[Mazhukin et al. (2007), Bulgakova et al. (2011), Gambino et al. (2013), Borisenko et al. (2008), Garanin (2011)].  
A fundamental to understanding physical processes in laser plasma is to study plasma density profile, plasma size 
and plasma temperature. For many years, the method of pulsed laser interferometry has been a reliable primary 
diagnostics for measuring plasma density profile. The choice of the optical interferometer type is determined by the 
properties of laser-induced plasma. Such plasma evolves in nanoseconds; therefore, diagnostic instruments must 
have a very high temporal resolution to observe the evolution of plasma. 
 In our experiments, we used Mach–Zehnder interferometer to create interference fringes. We used nanosecond 
UV nitrogen laser as a probing light source. For the wavelength of the nitrogen laser Ȝ=337 nm, the value of critical 
plasma density is equal to  
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Thus, the use of ultraviolet laser increases the upper limit for measuring the electron density of plasma up to 
Nmax § 1020 cm-3. The minimum measured electron density is equal to Nmin § 1017 cm−3. It follows from the equality  
>⋅<λ⋅= LN.k e1410494 , 
where k = 0.1 is the minimum phase shift, fixed on interferogram;  <NeÂL> is the average linear density of electrons, 
L ป 0.5 cm is the size of plasma. 
2. The experimental setup 
Interferometry configuration for measuring plasma density is presented in Fig. 1. Powerful Nd-laser (wavelength 
1.054 ȝm, pulse energy up to 20 J, pulse duration ป15 ns) was used to generate laser plasma. The laser power 
density on the target was q ป 1012 W/cm2. The laser beam was been focused on the target placed in a vacuum 
chamber with a residual pressure of ป 10−3 Pa. In our experiments, we used a metallic target (Fe, Cu) and a low-
density target (nylon mesh). As a probing laser we applied a commercial model Spectra-Physics 337-Si (wavelength 
337 nm, energy of ~ 150 μJ, pulse duration ~ 5 ns). This model has a channel of TTL level external triggering with 
optical isolation for synchronization with other devices and it is convenient for performing preparatory operations. 
Computer controlled digital camera frame grabber captures individual interferometric pictures, so phase shift of 
fringes is easy photographed and analyzed in terms of plasma density. In our experiments, we used digital camera 
Canon EOS 1000D. Its CCD sensor are sensitive to UV radiation, however, a protective filter on the matrix does not 
allow to record the emission of ultraviolet nitrogen laser. We removed the filter, ensuring the extension of the 
spectral sensitivity in the UV range. The interference filter (wavelength Ȝ0 = 337 nm, FWHM ǻȜ0 = 6 nm, the 
transmittance of 40%) was located in front of the CCD matrix instead of the lens to suppress the radiation of laser 
plasma. 
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Fig. 1. Interferometry configuration for measuring plasma density. 
3. Synchronization 
In our experiments, we used the generator of delayed-pulse in order to obtain synchronization between pulses of 
the main laser and the probe laser. The pulse of the probing laser passed through the laser focal spot on the target 
almost at the same time when the main laser pulse reached the target or very shortly after that (the maximum delay 
of the probe pulse was 50 ns). The temporal characteristics of both lasers were measured to ensure synchronization 
between the pulses of the main Nd-laser and the probe nitrogen laser. Delay and jitter for the pulse of the main laser 
with respect to the initial triggering pulse were equal to tm = 2250 ns and ǻtm = ±15 ns, respectively. In addition, 
delay and jitter for the pulse of the probing laser with respect to the same trigger pulse were equal to tp = 600 ns and 
˂tp = s 20 ns, respectively. In this case, in order to get in the interval delay td ป5¹50 ns it is necessary to delay the 
start of the nitrogen laser approximately t0 = 1650 ns. 
 
 
Fig. 2. Time characteristics of the main and probe laser pulses. 
An example of synchronization between the Nd-laser (1.054 ȝm) and the probing nitrogen laser (0.337 ȝm) is 
presented in fig. 2 (as an illustration). TTL pulse that triggers the diagnostic nitrogen laser was delayed by t0 = 2100 
ns relative to the start pulse that controls the main laser. This case corresponds to delay td = 470 ns (time delay 
between pulses of the main laser and probing laser) with jitter ǻtd = 33 ns. It should be noted that in the interval 
delay td = 5 ÷ 50 ns such jitter requires a number of laser shots for statistical processing of the results.   
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4. Interferogram 
By adjusting the delays td the interferograms of laser plasma at different moments in time were obtained. Fig. 3 
shows the laser plasma interferogram, when radiation of the Nd-laser beam interacts with the Cu foil target. The 
delay of the probing beam is equal to td = 35 ns. Left interference picture (Fig. 3a) corresponds to the foil with the 
usual smooth surface, which is not subjected to special treatment. In this case, the maximum electron density of 
plasma is equal to N1 § 5Â1017 cm−3 and it corresponds to a shift of 0.5 "fringe" with the size of laser plasma 
L § 0.5 cm. Right picture (Fig. 3 b) corresponds to the modified surface of the foil with a large number of micro-
needles after treatment discharge plasma. The electron density of plasma is equal to N2 § 3Â1018 cm−3 for the 
modified surface of the Cu target. 
 
 
 
a) foil without special treatment;                                                         b) modified surface of the foil 
Fig. 3. Interferogram of laser plasma with a delay td = 35 ns. 
5. Conclusion and discussion 
The modified surface of the copper foil with a large number of micro-needles leads to an increase in electron 
density in laser plasma. We observed a phase shift in the range from 0.5 to 3 fringes. Therefore, interferometry is 
feasible for measuring plasma density in our experiment.  
We have shown that electron density in nanosecond laser plasma can be recorded using a simple interferometric 
system. The further development of our research involves the reduction of the temporal jitter of the probing laser 
beam. A temporal jitter can be reduced to sub-nanosecond if a small part of the main laser pulse is converted in 
second harmonic and is used as a probing pulse. 
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